Highlight: The study of the relationships between annual rainfall and range production in the Mediterranean Basin and the Sahelian Sudanian tropical zones of Africa shows a close correlation between average range production and average rainfall over large geographic areas. For a given amount of rain, net production is higher in the Mediterranean than in the Sahel. The regressions developed show that, on the average, each millimeter of rainfall produces 2 kg/ha of consumable dry matter, or 0.66 Scandinavian Feed Units (FU), in the Mediterranean, whereas in the Sahelian and Sudanian zones these figures drop to 1 kg/ha and 0.40 FU.
Material and Methods
Forty-five pairs of data on average annual rainfall and pasture production were gathered from eight countries in the Mediterranean Basin. An equal number of pairs were gathered from eight countries in the Sahelian-Sudanian zone. For the Mediterranean area, the eight countries (with an average annual rainfall of 20 to 900 mm) included France, Italy, Greece, Syria, Libya, Tunisia, Algeria, and Morocco. Some few data from Egypt, Portugal, Iran, Turkey, Spain, and Israel, although perfectly fitting the overall figures, were not used, in order to keep the number of observations similar in both areas. For the Sahelian-Sudanian area, the countries (with an average annual rainfall of 100 to 1,500 mm) were: Mauritania, Senegal, Mali. Upper Volta, Ivory Coast, Chad, Niger, and Sudan.
The reason for the rather small number of pairs is that many data from low rainfall areas (100-400 mm) were discarded on the basis of geographic criteria in an effort to obtain as balanced as possible a curve over the rainfall spectrum considered. Rainfall data are usually those occurring during the years of measurements-otherwise average annual rainfall is plotted against average range production.
The geographic zones involved in the study are shown in Figure I .
Why Average Rainfall?
Average rainfall is obviously not the only factor of importance for range production. However, in the Mediterranean Basin, as in the Sahelian and Sudanian zones of Africa, average rainfall is correlated with a number of other climatic factors such as rain variability, number 
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One ofthemajordifficulties was tomakecoherent the datacollected in VENOUS ways and expressed in various units and systems. Available data were expressed in:
l Total above-ground phytomass (kg). l Actually consumable forage in kilograms of dry matter or in kilograms of fresh matter per hectare per year.
l Feed units (FU) per hectare pa year (one Scandinavian feed unit = 1 FU = I kg of barley = 1,650 kcal for adult ruminants consuming roughage).
l Feed units of oats (Russian system) per hectare per year. l Starch equivalents.
l Carrying capacity in unit of tropical livestock at maintenance, weighing 250 kg (UBT/ha/year) for the tropical zone, or in head of sheep/ha/year or sheep unit/ha/year for the Mediterranean Basin.
l Stocking rates in head/ha/year.
Since our purpose was to obtain an approximative curve, several simplifications were admitted. Conversion factors used are not the same for the Mediterranean Basin and the Sahelian and Sudanian zones of Africa. The main reasons are that livestock species and types are different in each case, and that Mediterranean natural pastures consist mainly of perennials, including many shrubs, whereas the Sahelian rangelands consist mainly of annual grasses and forbs.
The h4edirerranean
Basin. For the Mediterranean Basin, we have used the following conversion factors:
. One mature sheep (40 kg) = 0.2 cattle = 0.10 camel = I .2 goats = 0. I5 horse = 0.3 donkey = 300 FU/year = 495,000 kcaliyear. (This figure is based upon numerous chemical analyses and some digestibility trials. According to these data, greengrasses, legumes, and annual forbs are worth 0.4 to 0.6 FU per kg of DM whereas shrubs and dried up annuals or grasses are worth 0.2 to 0.4 FU per kg of DM. Since shrubs and dry stuff represent 65 to 75% of the annual diet, an average conversion rate of 0.33 FU per kg of DM seems to be reasonable order of magnitude. If anything, it may be slightly conservative.) of rainy days, length of dry and rainy seasons, and potential evapohansviration.
Caiculations were made for the Mediterranean Basin, using data from many climatic stations, each having over 50 years of records. A clear negative correlation between average rainfall (I?) and standard deviation of annual rainfall (v) emerges. The relation is:
r=0.73; n=l40;p<O.001
There is also a clear negative correlation between average rainfall and potential evapotranspiration (PET) (calculated according to Turc's method, and using I28 stations) = PET = f (l/L?); r=0.75; n=l28; p<O.Oill One could add that geographic variations in average rainfall are much larger (IO0 to 1,500 mm/year in both areas) than variations in potential evapotranspiration (I ,000 to 1,500 mm/year in the Mediterranean area) there is, by and large, a zonal increase in potential evapotranspiration from north to south; and a reverse zonation in rainfall. The reverse is true for the Sahel, where rainfall increases from north to south, whereas PET decreases from north to south.
For the reasons given above, one may validly consider average rainfall as closely related to water availability for plant growth. Temperature is not usually a limiting factor for forage growth in the Meditemnean Basin, nor in the Sahel, at least not over long periods; and average rainfall seems to be by far the most important climatic factor affecting pasture production.
Assessment of Pasture Production
The data on pasture production are expressed in amount of consumable forage produced annually. These are balanced figures averaging the various types of pastures encountered in a given zone with a given rainfall.
Data for range types located in depressions benefitting from runoff m water table have not been used, as such areas are not under the direct influence of rainfall. Neither have we used figures from rangelands improved through artificial fertilization, since, generally speaking, such practices are neither common nor economic. However, it has been experimentally shown that in high rainfall areas (R > 400 mm), fertilization may increase range production three to five times (France, Italy, Spain, Israel, Tunisia, ec. .).
l Rate of forage consumption is assumed to be 50% of annual production (estimation and measures vary from 40 to 60%).
rTTr--l It is usually admitted that average forage consumption is 25% of total above-ground standing phytomass, or 50% of total annual production. l Production from shrubs and trees has not been counted, since very little data is available; however, it is estimated to be qualiMedilerraneiin &lsvz Southern 7unisia. near .wedenuze. R'li"fdl 150 mm. tatively important during the dry season as a source of protein and Sreppe qfRhanthe""m s"aYeo,enS and **emisia Campestris. vitamins. Thus the figures given in Table 2 xe definitely conservative.
Data Representativeness
In a given region, a given amount of rainfall is plotted against a single production figure. The latter is the average value of the various types of pastures balanced against their acreage whenever possible. Each production figure thus, refers to a geographic area of rangeland, including several range types of various values and may therefore be considered as representative of the geographic zone under consideration.
Results Table 1 gives the countries and areas where the studies were made, with corresponding production and rainfall data as well as references to the studies for the Mediterranean Basin. Table 2 gives the same information for the Sahelian and Sudanian zones of Africa. Yields are given only in feed units (Scandinavian) per hectare per year, but all calculations were made in four different unit measurements: feed unit (Scandinavian); consumable matter; total dry matter; and carrying capacity (sheep/ha/year, for Mediterranron Basin, Monxco Mid Adas Mouniorn* .TWPJ North of Jdd the Mediterranean Basin and TLU/ha/year for the Sahelian and ay&?i, W& 0-f Ml&l* (Uit. ,600 m). FUirly ShUiiOW roll, on quarern,aV Sudanian zones of Africa). Four different kinds of units were limecrust. v&f< sage sreppe: Artemisia herba alba, Anemlala mesatlanuca. calculated because readers may be more familiar with one system than another. The first relationship sought is whether, within the limits of our study areas, range production may be considered as a linear function of average annual rainfall; equations are given in Table  3 (equations 1) for both areas with a correlation coefficient of 0.83 and a degree of freedom of 44. In both cases the linear regressions are highly significant (~~0.00 1).
These equations also confirm, at least for the Mediterranean Basin, (le Houerou 1964 Houerou , 1969b Evenari et al. 1971) , the wellknown fact that below an average annual rainfall of 50 mm, forage production may be considered as nil (y = 0 = X = 48 mm).
reason we tried to find a curvilinear relationship between range production and rainfall. A second degree equation of the form Y = a+b,x + b,x2 was first computed. Its correlation coefficient of 0.84, for the same degree of freedom, shows little improvement in respect to the above-mentioned linear regression. Finally, an equation of the form y = axb
The extrapolation of the equations (1) for the Sahelian and Sudanian data is not fully satisfactory, since, when rainfall = 0, production is 16.9 FU. However, this value is very low and one may consider that our regressions go almost through the origin (no rainfall, no range production).
(growth curve) was computed, having the values mentioned in Table 3 (equations 2). These equations have a correlation coefficient of 0.90 (for the Mediterranean Basin) and 0.89 (for the Sahelian and Sudanian zones), and a degree of freedom equal to 44, which is remarkably good. In other words, the logarithm of average annual range yields is a linear function of the logarithm of average annual rainfall.
Although this relation seems reasonably satisfactory, it would mean that pasture yields would increase indefinitely as rainfall increases; however, this is not true since, as rainfall increases, other limiting factors such as soil infertility, water logging, temperature, lack of sunshine, etc. arise. For this Figures 2 and 3 show all the pairs of data as well as the linear and curvilinear regressions. Now we can compare the curves calculated for the Mediterranean Basin and for the Sahelian and Sudanian zones. Are they identical? Is the relationship between rangeland production and rainfall the same in both areas? 
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To elucidate these questions, a covariance analysis was made comparing the data from the two areas as calculated in the linear regressions (comparison of the equations I). This covariance analysis for the regressions expressed in FU/ha/year clearly shows that slopes and origins are significantly different: comparison of slopes: Qnh = 13.70 @<0.005). comparison of elevations: K*' = 7.65 (0.005 < p < 0.010). Of course the same applies when the data are expressed in other units. Accordingly, no common regression can be calculated and no generalization can be made to cover both areas. However, if a covariance analysis is made as between the exponential equations (equations 2) expressed in FUlhalyear, the conclusions are different:
comparison of slopes: en6 = 0.57 (IX.). comparison of elevations: Fx7 = 10.62 (p<O.O05). The comparison of the equations (2) is justified by the fact that in the regressions, the correlation coefficients and the part of the total variance due to the regression are greater than in linear regressions, so that the phenomena are better described and the curves are closer to the experimental tigures.
The conclusion to be drawn from this analysis is that the relationship between range production and rainfall is similar in both cases, but that the level of production in the Sahel and Sudan ib lower than in the Mediterranean Basin. In other words, langeland production increases in the same proportion in both areas when rainfall increases; however, for a given rainfall, production is always lower in the Sahel than in the Meditenanean Basin. However, for the portion of the curves lying between the 300. and 400.mm marks, the application of the f test gives the figure of I .97, which is not significant at the p=O.95 level. ln other words, for the lower pan of the curves the difference between the Mediterranean Basin and the Sahel is not significant.
Discussion
Dependence of range production upon rainfall is widely recognized. The subject was recently reviewed for the United States by Cook and Sims (1975) . who show that variability in range production is closely related to variability in rainfall but that variability in the former is generally greater than in the +--4 latter, a fact that has been observed also in the Meditemanean Basill.
In comparing the present relation (equation 2) with those found by other authors, one shouldpointout thatcondon (1968) studied an area of 350,000 km' in western New South Wales, where detailed statistics of livestock numbers over 46 counties averaging 7,700 km' were available; his curve is a parabola fitting two different equations: y = 0.5 x2 + 0.38x from 0 to 250 mm y = 0.2 x2 + 2.7x + 15.5 from 250 to 460 mm where y is grazing capacity in sheep per IO0 acres (40.5 ha) and x is average rainfall per annum (inches). His figures are very close to those that we found in the Sahelian and Sudanian zones of Africa for areas with over 250 mm of rainfall, but about 4LL50% lower than ours below the 250.mm isohyet; they are much lower than those that we found in the Mediterranean B&l. Walter and Volk (1954) have given production for the "veldt" of South Africa of 8 kg DM/ha/mm of rainfall, a figure about 3 to 4 times higher than that for the Mediterranean rangeused (40% of total primary production), we will find that his figures are very close to our own. Nevertheless, the relationships shown are mathematically unusual. Two straight line equations were calculated: (I) for rainfall between 100 and 400 mm and (2) for rainfall above 400 mm.
No identifications are given of the correlation coefficient or of the level of significance of these regressions; moreover, the two regressions are linked by an undetermined "S" shaped curve so as to give an impression of continuity to the phenomenon.
Another somewhat surprising fact is that if one were to extrapolate the first equation below the given limit of validity of f .,' 1.
__
..
100 mm, one would find that when-rainfall reaches z&o, production appears to remain on the order of 720 kg/ha/year.
The curve we have presented here is also subject to criticism ~ohel zone, near s&olo, MOE ~egroded rongeland heavily browsed by goofs Bauhinia mfescens, Piliostigma reliculata, Grewia tenax.
in spite of there being a good correlation coefficient. In fact, the number of pain is not always the same for each rainfall value; for instance, much more data are available forrangelands below lands (le Hou&ou 1969b). Walter(1954) rainfall. Moreover, we must remember that the complete relationship between average rainfall and range production which corresponds to yields 3 to 5 times higher than we have includes two curves: an exponential regression (studied here), observed.
followed by an asymptotic regression characterizing high rainLeith, ex Dyson-Hudson (1975) , found an average of 20 kg fall areas. As a matter of fact, graziers know that above 1,200 to DM/mm of rainfall in arid areas, which is about 6 to IO times 1,500 mm, the increase of production on rangelands is almost higher than our figures. Novikoff et al. (1975b) found in negligible; but we still lack scientific evidence for this. southern Tunisia on sandy soils an average of 2 kg DMlhalyear For the exponential part of the phenomenon, the correlation per mm of rain in the interval 15-182 mm/year ove,r three we found can be considered excellent. This is probably because consecutive years (1913,74, and 75) . These values are in good management practices are more or less homogeneous (no agreement with the figures we have observed in the Mediterrotation pattern, general overgrazing). It is also due to the fact rancan Basin. that soil conditions have been equalized by using global figures Since none of the foregoing authors have given their methods over large a&w that represent V~OUS land systems and inteof calculations, the correlation coefficients, or the level of grate their various components. Nevertheless it is obvious that significance of the regressions they found, the accuracy of their under given rainfall conditions, yields may vary as much as 1 to findings cannot be assessed.
5 (exceptionally 1 to 10) according to soil conditions and range In the curve of carrying capacity estimates in relation to types. On the other hand, different management practices under rainfall given for the Sahel by Seifert and Kamrany (1974) and similar climatic and soil conditions may induce variations in Picardi (1975) , the values arc slightly below ours. For instance, yields of the same order of magnitude (usually I to 5; exceptionunder long-term sustained range yield conditions: ally 1 fo lo), as pointed out by many &hors all over the world. cool season in the Mediterranean climate, when plant water requirements are lower, whereas in the Sahel they occur in summertime, when water demand is high.
l Potential evapotranspiration for a given amount of rainfall is about 50% higher in the Sahel.
l Soils seem to be poorer in the Sahel, especially as regards their nitrogen and phosphorous content.
l Soils seem to be poorer in the Sahel, especially as regards their nitrogen and phosphorus content.
l Vegetation is entirely different in the two regions. Mediterranean rangelands are based on perennials that react to any substantial rain and can make use of deep, moist layers in the soil; whereas Sahelian ranges are based mainly upon annuals with very short life cycles and shallow root systems. To be able to draw general equations valid for large ecological zones having an homogenous climate, we need much more data, especially for the high rainfall areas in both the Mediterranean and the Sudan. From practical experience, we suspect that production does not increase indefinitely with rainfall; but we cannot give evidence for it because we lack sufficient data from higher rainfall zones.
Finally, one should note that forage shrubs and trees were not counted in range production in the Sahel, nor was production Tom depressions benefitting from runoff; one, therefore, might expect our figures to be on the low side. Some correction to the above, however, is brought about, by the fact that most of the figures used were collected in the field during the late 50's and 60's while rainfall (and therefore range production) was above long-term averages. On the other hand, Sahelian rangelands were heavily degraded during the 1969-73 drought, and their present production is likely to be lower than in the 60's. For these reasons, the figures given in this paper are likely to be very close to long-term averages.
It is hoped that the definition of the complete relationship between rangeland production and average annual rainfall will help in the evaluation of forage resources and in the modeling of livestock production systems. Growth, production, and browse utilization characteristics of serviceberry (Amelanchier alnifolia Nutt.) were studied in the badlands of southwestern North Dakota during 197 1, 1972, and 1973 . The objectives of this study were to provide the information required to make predictive statements on the above characteristics as wll as for age and form classes on a site basis. Analysis of both shrub canopy cover and herbaceous understory, as well as,soil cores, was carried out from each site. Results from the soil cores were highly variable and inconclusive.
All shrubs studied were assigned Dasmann age and form classes. More than two-thirds of the shrubs were in young or mature age classes and in form classes that showed little or no hedging, indicating that serviceberry had not been subjected to harmful browsing pressure.
Mean average twig length and average total annual growth appear to be closely related to age class and, to a lesser extent, form class. Growth decreased from 1971 through 1973. Growth of serviceberry is 87% completed by June 13, after which the growth curve levels off somewhat. The combined weight yields, from all sites were 172.4 lb/acre, 65.7 lb/acre, and 48.5 lb/acre, for 1971, 1972, and 1973, respectively . As in growth, there is a definite relationship between age and form classes and the total yield. Again there is evidence of a decrease in production from 197 l-1 973. Average composition of total yield for the three years is 82% for the leaves and 18% for the twigs.
Utilization of current growth of serviceberry was 11% and 15% for the winters of 1971-72, and 1972-73, respectively . Browsing pressure is apparently increasing but not to a level that may be judged to be harmful. Highest utilization recorded at any site was 31%. Percent utilization was directly related to the degree of hedging. Serviceberry was generally dominant in the shrub overstory, while the understory composition was varied. Vegetation reproduction of serviceberty is accomplished mainly through root sprouting. Both growth and production appear to be on the decline; this is observed to be due mainly to a rust infection and a combination of environmental influences and increased browsing pressure.
